The purpose of the present preliminary investigation is to characterize the vibration signal between normal and symptomatic knee joint. Accelerometers were attached to the medial and lateral retinaculum of dominant knee to acquire the vibration signal induced during flexion and extension of leg. Signals were compared in time and frequency domain and statistical analysis were performed using mean, variance, standard deviation, skewness and kurtosis. The results show that the frequency range for the symptomatic VAG signal is higher than the normal. The results confirm that the proposed approach is indeed feasible for the non-invasive diagnosis of knee pathology disorders.
Introduction
Knee joint is the most complex and largest joint structure in human body. However, the knee joint is also vulnerable to injury and disease compared to other joint in the body. The most common knee joint are found to be associated with articular cartilage degeneration and tear of menisci. The deteriorations of the articular cartilage include reduced in water content, decrease in chondroitin sulphate quality, glycosaminoglycans' and proteoglycans' content, thickness of articular cartilage, synovial fluid perfusion and as well as increasing articular surface's roughness and gliding resistance [1] . All of the changes mentioned above are the possibility of getting knee osteoarthritis (OA).
Currently, there are varieties of non-invasive imaging modalities which is used to diagnose OA such as projection radiography, ultrasound, MRI and CT-Scan whereas invasive imaging technique such as arthroscopy is also used to observe and diagnose knee pathology. However, the image based techniques failed to characterize the function of the cartilage in terms of stiffness, softening or fissuring [2] . Besides, these modalities are also expensive in cost, bulky and generate radiations. The knee joint will generate vibration signals during the active flexion and extension of the leg. The frequency of the signal reflects the condition of the knee joint's cartilage. The signal can be used as useful indicators for the roughness, softening and breakdown of the cartilage surface. Another issue with knee osteoarthritis research is the difficulties in obtaining subjects with knee osteoarthritis disease (OA with mild, moderate and severe cases). An application must be approved by the medical ethics committee and in certain cases in takes longer time to be approved. Therefore, to familiarize with the device and signal analyzing techniques, a preliminary study involving subjects with and without knee pathological disorders from sport injuries were carried out. It was hypothesized that subjects with knee pathological disorders will show different statistical signal parameters compared to subjects without knee pathological disorders.
Methodology
Participants. Data were collected from 10 subjects without any knee joint disability and 10 subjects with knee pathological disorders which later known as normal and symptomatic, respectively. All subjects ranged between 20 to 30 years old were recruited from student population of Universiti Malaysia Perlis. The average BMI is 21.43 +/-1.7176. All participants were provided with an information sheet and written consent was obtained prior to knee VAG measurement.
Data Acquisition Protocol. The MotionNode Bus Network System (MotionNode, USA) was used to collect the data. The system consists of a controller, battery, two -three axes accelerometers (35mm x 35mm x 15mm, 14g in weight) and the collected data were streamed in real time over wireless connection to the computer. The accelerometers were attached to the medial and lateral Retinaculum of the knee joint using adhesives tapes. These specific positions are being chosen in order to attain accurate, precise and reliable measurements during the whole process of data collection. Subjects sit on the chair and familiarized with the leg movement before executing the real experiment. A leg motion from full flexion to full extension is defined as 'knee extension', whereas 'knee flexion' is defined as a motion from full extension to full flexion. 'Full flexion' means an angle of 90 • , while 'full extension' means an angle of 0 • between femur and tibia. The VAG signal was recorded in one cycle started from knee flexion, extension and finally back to flexion position and approximately executed in 3 s. The experiment was executed in a silent and airconditioning room to reduce the background noise.
Analysis.
The data were screened using MATLAB and statistically analyzed using JMP software.
Pre-processing. The main purpose of signal preprocessing is to eliminate noise in a specific signal. In this project, the Butterworth Low Pass Filter is chosen because it is a simple filter used to eliminate baseline noise and it does not contain ripple. In addition, it is also maximally flat magnitude response in the pass band while it also has a good all-round performance.
Feature Extraction. Feature extraction is extracting and converting the input data information into a set of features which is called feature vector, by reducing the data representation pattern. Besides, the features set will extract the relevant information from the input data in order to perform further analysis [3] . In this project, five features were extracted from the output of the low pass filter. The features extracted for the knee joint VAG signals analysis are kurtosis (Eq.1), mean, skewness (Eq.2) and standard deviation (Eq. 3) which can be described and expressed as in the following equations.
Results and Discussion. Fig. 3 shows that the VAG signal is ranged between frequencies of 0 to 98 Hz with the peak amplitude of 0.16 ms -2 . While in Fig. 4 , the signal is ranged between 0 to 200 Hz with peak amplitude of 0.10 ms -2 . Obviously, the symptomatic knee joint obtained a higher frequency range than the normal knee, p < 0.05. Fig. 5 shows the frequency generated by normal (top) and symptomatic (bottom) subjects during the experiment. 
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T-test was conducted for the knee condition and gender using mean, standard deviation, kurtosis and skewness of frequency domain data. In knee condition, mean and standard deviation showed significant differences, p < 0.05, as shown in Fig. 6 . This indicates that only mean and standard deviation show obvious difference between normal and symptomatic knee condition if they were used to differentiate the two signals.
Conclusion
In this work, the main goal of the project is to differentiate the joint vibration signal between normal and symptomatic knee condition. Data were converted to frequency domain and further analyzed by using statistical means. Obvious differences between the VAG signal from with and without knee pathological condition were established. In future, a more complex analysis will be proposed to understand the difference between the two signals. Thus, it had been proven that by screening and extracting the knee joint VAG signal provides advantages as this method can be used to assist physician or clinician in order to measure or detect the knee joint pathologies.
